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(57) (liiE*) 

MAi^^*^0SS^5^)K;^*^^Sv^A 1 -C u -M 

%X\ 3. 5<Cu<5. 0:1. 0<Mg<2. 0 ; 
Si<0. 25;Fe<0. 25;Mn<0. 55;flfi 
(7)7iM<0. 25X\ 0"<Mg-2Fe<0. 2(07JU 

S.~^A-^X\ 3®^fcJ:r>T{i, 

mt<35%mx-h^. tfcmxiiixBm->rcm 
x'XiimMiixm^. mmiuzmx\ ut' 

X'in:m<r>m-fifi. fe<o. 14P. 
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M%) : 

3. 5<Cu<5. 0 • 
1. 0<Mg<2. 0 
Si<0. 25 
Fe<0. 25 
.Mn<0. 55 
flfi<^^7C^<0. 2 5 

(fIL, 0<Mn-2Fe<0. 2T'J>I) ) (OA 1 C u 
=^fa5^)-O^W^ •/=^-il«<7)^Ji(01 2%IJlTT-*l.fi!l 

fe<0. 14 P 

(f{i^^ (SrJ'Dy) -ej>0, e«SS«W$ (mm) 

[i«^Jl2] f e<0. 0 9 12T'J>&^:fc5:»Si 

tif*3l3] f e<0. 0 6 \i'Chh:itiWSi 

0. 04 xix^hhz.b^mik.-thms^s^weL 

[i»*3S5 3 f e<o. 2oxhhm-m^iti^hA<r) 

[W^3I6] S i <0. 1 7T*>*a^l*»<c>5<0 

{Wm7\ Si<0. 1 0TJ>Si«^6tlBK«0 

[if^IiS] Cu<4. OT-S)l.i»^)Sl*>4>7«OV> 

[i«««9] Mg<l. 5T*SSl*3ai*»^>8«Vv 

[itSJaiO] Mn<0. 4T'J)I.C:ti£:#Sii:-ri. 
mm 1 9e7)V^-f ix*^:«tclBS5<^iBlg. 
[ itim 1 1 ] L:^(6]&tA'T L:fr[ei 1 2 ^j-c^) i Jl $ 

( L^ri^fio^iOl^A )< 1 . 5 X ( T L:^[fi]o»<7)^ 

^) 

ttchXo t^m^^mn^^yF^mm 1 *»4> 1 0 cow 

\m.mi2\ MAilLT§l5gofc«!Bit'2 9 0MP 

1 1 1 <n\yffii}>-m^zm,<mw.. 



4 0 0 M p a imi T Ljri^cogieis#?r^it^ 
1 1 1 (^\^-nxi}^mz%mff)msL. 

[19^141 filAnLT5l5S'5;t«aRf2 7 0MP 

a Sre;t S T L:tri«i](05lttl®#lrS<tH}^ 1 1 1 

3 8 0 M p a h^mt^^^-mm ipt>i\ 

mm 1 6 3 Br^co-t'f i?/H?iTilFW^«g=5:S:^)E 

1 O'-t'f :?;l't'2 9 5MPa 
105i?--fi7;Ut-16 0MPa 
106Hf^>;l.t'i OOMPa 
107-t^^';>t'10 0MPa 
iinthi, d^MW.^^^mnmiii-'ty 1 5cov^-f 

[il*«17] «§*<2 0mm^lii., MAfLLT?! 
3«o 3 5 M P a^m I. L - T:^l6]co?Stt 

W., 

[fMlB] if$*^2 0mmS-^8i., «A^lLT?l 
3Ioyi^t«T'3 2MP a^mS:@xl.T-L:^[6]<;0®3tt 
K,c2r^-ffS^i*>/i> 1 70V%-m*>-JStEa<7)«H 
^. 

[11*311 9] MAixLT?l§So/^^t^T-4 0MPa 
V^m2rei.SL-T:&|6lc7)f3ttKic2r^5-nf*3ll 7t 

[il*«2 0] MAnLT?l5S^?t«Et-3 5MPa 
,rmlr^X. .^T- L:^|6l(7)S3ttK,c S-S^tft*« 1 8tC 

[if*II21] lf$*<3 5mm^^i;c. 2 2MPa/ 
mSrStl.S-L:&|6](0|SttK,cS:*t1W<fll 7*»4> 

[W*JM2 2] 2 4MPav^m2:@i.SS-L^-r6K0 

isttS:s^tw*ja2 1 tcfeijco««, 

[W*3S23] JfS*>*2 0mm2r)S;c., MAnLT^I 
SSO , MML tJtttffiT2 8MP aym^i@;tSL-T 

:^rr6iiOS!ittKK Sr^i^-f i *>^> 1 6<?)(r^-fix*>-« 

[i»^24) JfS*<2 0mmS:i@;c. ^AixLTai 
SS"). MlLt;t«®T2 5MPa^m2:@i.|,T-L 
:^lS]c7)S3ttK,c ^5^tW*:« 1 *»^> 1 6(^>,^-fix*^« 

[iS^2 5] 3 2MPaV^m2rfiil.L-T^r[6l<D 
ISttK,c$r*11fA^3l2 3{ClE«i<?)^«X. 

mm2(>\ 2 8MPaym5:S;ii>T-L:tri*J«0 
SH4K, c SrSt^^ 2 4 tSE«<^ffl«. 

[iS*a27] Jf^*^'3 5mm^Si;t. MAixLT?! 
3iO> ^tU^^T-18MPa^m2:S;cl.S-L 
^ri6lO«!lttK,c S:*till««2 3 *»/5> 2 6 W>-f il3i)»- 
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20MPa,rmS:ie;lSS-L*l*J<DfBttKicS:S^tli! - 

AK= 1 OMPa^mTSX 1 O-^mm/'i^-f 

AK= 1 SMPa/'mt'l 0-«mm/-t'f ^'/l' 
AK=2 0MPaymT'6x 1 0-»mm/-t^ ^/l- 
AK=2 5MPa/'mT*2X 1 g-3mm/-t-^ 
*«<7)mSBlJScl a/d n^S^-fflWSIl*i/9 1 60l-^ 

[ii*l|3 0 ] if $**2 0 mmmx\ 1 1 OM P a 
[il*«3 1 ] if 1 2 mm5te1|-C% itWLm 

3. 5<Cu<5. 0 
1. 0<Mg<2. 0 . 
Si<0. 25 
Fe<0. 25 ■ 
Mn<0. 55 
mcO±jm<0. 2 5 

{fflL, 0<Mn-2Fe<0. 2t'Jbl) ) OA 1 C u 

M g7;i/S-'>A-^^*^'^^ 0 . ^i¥^l>zW^&^itm^ 
5 0%J:01S<. ^Hi:2^cOHf$i:cOHS^b*<^ 

ii*«3 5%*git'j)0. ttimMiifamc^xitmx 
*±i::fia^ri.«Sr 2i}-co 1 m^tx'iaxLt^ik<7)mi^ 

fe<0. 14 12 
fe<0. 09 n 

a5)i§-cj)0. 1 hmmx-m^i) i=5ri.^^feoffai 

• (if:^«34] m^JMXStilJf^lt:mX'2 9 0 
MP a &iStS3lttliS#R«. ziyrsifH^S 3tcfB« 

JBT4 0 0 M P a SriSi S3»1tlS#«:*'tiS««3 3 

[pool] 

im(r)mthmm] ^^wm. isi^fm^x-com 
mmizmifz^^x'h^. n^^mwmsm 



tS5^0«8?{C<J:ixtf 2 0 0 0 >- ij -XtcS-f^il^ (if 
$>12mm) . +if {i|r$3-12inm) XiiW^ 
(il$0. 5~3mm) <0»Slz»t'6. 

[0002] 

[«!*<^rii mmi\^7)u^-^j>'m^zM.iyM 

Mwmii. ^mmm^m^n^titzMz'^ib^j: 

iZth<DiZ!^^Mm^(:>MMizmti> Zi^l.ZX->X 

[0003] iiMcDrntm. mmMTmz^:k^j:^ 
t:^{^mzi-fzmzEifX'hi. zmmmmm 

{c> mm.x'(oxo^zmsh<r)^m.izMmimtzt 
^<mj^iji&T^^^zb^^x'^ m^<^m:hm: 

(detensionnement) Mllif3\i^ (traction) X 

iiw^smifimjxmzim^tix\^i.. zm-mx-co 
m^ii±b tx. mmj$im^im.ti<r>icim 

^j:3\mXiiEEmmwmitthZbizh^t:. 

[0 0 04] stii. mMim^mi,zmbx^±^j:i^ 

wf'^hhxwz. zixh(r>m.\i--mz)^mz'imf 

hi)^X\i.^T^^:m^LX'^htiXii*) , Z(ni.^l,zLX 

^kt>ixmmmm < xmz±ti^j:^^z b *< ui ui 
hh, nig. ^^±\im-'^Mim.^^L. nm.f^ 

m^Mmm&'>?mw»mi^^^z^ikTth. 

^^in*5^<^ritif. t^^mf)ifi.ii^hzb\m'm 

Zbti:(nX'^< Ltt'XijmX'hh. 

[ 0 0 0 5 ] *>< LT. mm:mwm^<n^Tim 

nu^-fiimmznth'mx'ij-ox. 

[0006] 

[mm^Liiob^hmm\ ^mn. MAn^m 

««tt, 5IW»&t/^#l/^) ^WS^S^1t5r«j^L, iWS 

fij«Ji^<±a^(7):^i6iT<oii8tt-^i^-iitii ( L-T) 

^ri{iiSt>'W-:g# (T-L) ^i6]Wl^JSSrK»t 

00. A 1 -cn-uzmmm\^^mw.<mMi 

[0007] 

3. 5<Cu<5. 0 

1. 0<Mg<2. 0 
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Si<0. 25 
Fe<0. 25 
Mn<0. 55 
m^7iM<0. 25 

(fit. 0<Mn-2Fe<0. 2X'$>i>)<7)T>i'S.- 
'>A-&^A>A>^rt). Wr^izX-^Xii. :>('y^mnm 
<r> 1 2 %&T(7>kmi^-tlimT)U $ --^A^-C- 

**«5b%j: mt2^coi!^^tmmM: 

mx'XiimxtiLxBmK) . mtucmx.S:^ i 
mmixfz2'^(7)mi^±msthm2m i if § 

fe<0. 14 P ■ 
fe<0. 09 P 
fe<0. 06 n 

(Hii^ayX-mMl. eimWM^ (mm) Xf> 
fe<0. 04 12 

[0009m*^'0.. 2%*}S- ^^^^A^O. 17%* 

m. MWio. io%m ^*M%*>it. -ri^^-'y^ 
5%*jfi, vy?yy*<o. 4%*S!3!)*ffiL 

[0010] mmi. mix ucm^z-mmmui^ 

fc2 9 0MPaS:@i.-5.. ^AitLTM#Mt Lt*tS 
f{i4 0 0MPa^i@i.S»1tll#Ro..2*fl^"f. 0<t 

^ma. mm^<^mx'^mcr)4--6%i^ib. w$ 

*n. 6mmS:0i.S««T'^Ji<^2— 4%S-eC5:'3 

^V^hV^dCltt^l.. L-T:^l6]JllXT-L:fr|fi]cO§l 
m&^ii^tl^tL. 2 7 0MPaat/^3 8 0MPai&e 

[0011] Wj:m}^±X. m:hM'¥m 
Kt = 2. 3. g;'ME:^Wft:*;JS:^iOJ:tR=0. lit 

1 0*-9--^i7;l^T'295MPa 
1 05-t-^^;l/Tl 6 0MPa 
1 06-9-'f^';'Ut'l OOMPa 
1 b'if'f iJ'/l'T'l OOMPa 

[00 1 2] ;f$*«2 0mm$rJ3;i, Fe-t-lrWO. 



4fc®t\ -T^ffl^B^^^SIiSiSS: (facteur d'intens 
itede contrainte critique en defamation plane) K 
utci 0 L-T^r[ti]&t/T-L:^i6]{ca!)SU^>:iStt*<-?- 
il-eil3 5MPa,rm2it;3 2MPa7"mSrei., »S 
t < ti4 0 M P av^m&t/ 3 5 M P a/"m S- j@t I. . 
[0013] jKA^Lr^lSSO. «£MLL^«®TI4, 
. diX-^cOSttW-eflf fL2 BMP aVmayf 2 5MPa 
rm^mi. ■iff^L<«43 2MPav^mR0f2 8MPa 

[0014] If S*»3 Smm^miim^X'S-Lli}^ 

izm^ttzumi. mMiix^m'^tzm.x'ii2 2M 

PaJ'm^mt, mi<ii2 4MParmt:mi. M 
mt. t<(i20MPaV"m$-i@i.S, 

[0015] mmMumz. r= o . i t-co l-t:^i6i 

aUT- L:frl6)C0maafcl£d a/d n*^ 
AK=1 0MPav''mf5X 1 O-^mmZ-if-Y ^'/W 
AK=1 5MPav^mt:'l Q-'mm/lf-f 
AK = 2 0MPa/"mT'6X 1 0-*mm/-f^ ^/U 
AK = 2 5MPaVm'C2X 1 0 mm/If- ^'/l^ 

[00 16] L-t, T-LRX/S-Llj^coU^a- 

m. ^m^^mmmiizm-hASTMMmE3 9 
[0017] m^mommmmmmt. ^^mm^ 

•fllE^J^K^IS (facteur d'intensite de contrainte 

critique en contrainte plane) Kct,T'T — L^frloJt 
m^LfzmWl 1 OMP a/"m5:fix.S. Umi. *@ 
4 0 5mm. y -yf-^g^l 0 0mm. iI$(46mmJilT 

m6mmk±.(omm^ izm L\^m)^x'm^t 

S. ::<:OiC${ii^S^6<)5r^ffl-fi:±tf (surfacage symetr 
ique) <omt»^ill>. 
[0018] 

\^biimz. m^Jxmzifm-h^Mj:^^'<yp<-f'- 
(DAxmmijmmi:m^ uz . 

[0019] »^Mmm'S.mmm^j:(,^j:\^fzSb 
(c, i-WmMjim { C uSV'M g ) Sr^tfK#tf0^^ffl 

Mn<0. 55%. Fe<0. 2 5%&tX 
0<Mn-2Fe<0. 2% 

[ 0 0 2 0 ] CiOC: {4. < =5r-l. i: . 

LTV^I>. A 1 -Cu^c7)|^-&*«{4. gij;i<4'^^2 
024. 2 1 24. 2 2 24^lt^2 3 24^^0V^tT;^ 
5->>AlS^fcg»§*l/v:fiJj!t!i?JWC:«2 0^ia««^ 
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<mrBitixn^^mi)mz5o%t:mi. mm 

m^m(>tih. ztmmtmffy^miz^xf) ■ 
0, 2^(^im^x\ ±m7immmtmmm 

[0021] m:fj7)Ui-^A^±<^mx^?^mff) 
^m^zRLx. mm<z(DXoizmizw^^itix, 

iz-^^(omtizm^t hun <bi>.m 

f(r)±. mmmhi&mth tm^t^titit/i. mm. 

^^m^i^itwzKLx. mi^mKwt^m. 
•tit. ASTmmm3 9 9m-ox ^m^m^m 
ij^m^i^izx ^xm^^timm<h(^^i>u\^ 

X'mtizt^m^Lfz, 

[0023] mmz. jh<mmikitLfcmm^:^tiz 

(^mmx'iu^K Lx. mimmmmttmmmt m 
^t^ms.) tcorsximzm\^j:mAi:M.tiitz- 

m^i^itLx^povm&mmtmrzMz 
Mn&ifFeis^mcr>^^mwz^mi,zi^mthb\^ 

izms^aiti. s^^*^'»< . m^z^m-hikLx 
m(>ixmi&ti^%(=tih z t *^~m.\,Z{^±mT^m 

tXh-^fz, 

[0 0 2 5] *>< LT, Mn-2Fe-^*4*>'0. 2% 

mmT^ht. mmm:hmm.xij. mm-hif 
fiT Ltanx^Stt*?^ <^j:hmx'ti: < . mm^m± 
mmizmmmx^nk^j:&. u*^L^r*^<5. Mn 
- 2 F e it*{ft ic^s t mmM^T IX mmm 
mm^j:htL. mmmj^m^^z t iims.^ixx\>^ 

[0026] :i^mmmii. mxfiLx^\m^t:m 
xmmMiix3\m^. mmiirz^mx-a. i 
fsmtifc 2 -:>mm±i>zimti>m 2^<r>im^ 
t xMx Lit ^tpsn^ t^m;^ f 

f e<0. 14 P 

( f {i S ^' n yxm:^ L , mm<^SS-^ e RX/^^ l J±m 



[0027] zm^imTcoij^x-M^^ tut,. Jf-^ 

b. mm<^m^ {TL-}f\p\) (nm^mm^ wm.<^^ 

ntT^lX. L:frrei2 5mm. TL*-|4lb, TClfrlSje 
[00 28] m^2^(r>im^tX'm.L. i^<D2^ 

t iy<}VRm\ii.i,zMtm^m7f^t. 

[00 2 9] iI$*^2.0mmS-iSil,J?ffl«<OJ^, W 
OTR$b{i5e + 2 0mmfJ>l>. Mm. mmm<7) 

f'<:^i,zximmmwMj:Th^. 

[0030] 2ii-c7) 1 9:^<7)m^<7)m&i. \=5eti 

nwxtz2r><o-f>{ 7<^iafc:s*»n. y<mm 

ti>h 1 0mm5l#ai!t^O*^^T. '5 ^'oymficon V 

f^h—?~-i:m^X''nhtih. 
[0031] m^1f2 0mm*v1|c7)|SM-C1i. 

b{i4oommrS)0. mi^comMnzm^Khm 1 

ti— ^i') 3 0 0 m m -CJ) 1. . 

[00 3 2] S~-2 0mm<r>W^X'\i. SDlJilinmCO 
i I. !> . 8 m m*jStC'5r !> t . ^IPI 

[0033]/i$*<2 mm*j|tc7)g^T<i« 

m^tixM. 2^ff)i^^<mMtmti^<m^ 

[0034] *^BM'?>{±IS{C. 

(L:^[6i<^^) <i. 5 (Th-nmW)-) 

[ 0 0 3 5 ] 1 2 mm*)t<7)ji«i:^t/+^ffiT 
*SS^^iH«T'ti 3 S ^ a ymX'h hZt ifimm^ii 

[0036] ^mam^z. mmmco7)]^i-^i.-^ 

ill.. ^iO^^. ^^o/i$e(iiSi^M-i0^a5ff§T?) 

m^<r)mmfz!^^zmmii:±if^'€ ozt a*-c'# i. , 
[0037] ztii^ffymmi. mMiixmijfSi^uc 
mx'2 9 0MPaimti. mxtiixm:hm^i. 
mLUzmx'4 0 OMP a-imtmitm^itt 
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[0038] 

lIl~01Ofc*-t. 
.[00391 jlMgijl 

7;l'S-'^A»^co#=&at J:ft«f 2 0 2 4S<;oa>?w 

^ & 61 re cu Ha 

Al 0,11 0,23 «,32 0,63 

K2 O,0a 0,17 4.52 0,52 

A3 O.OS 0,16 4,48 0,51 

A4 0.08 0,15 4,32 0,37 

AS 0,08 0,16 4,44 0,54 

[0041] ^mcomm-aTm^^mmuc ■. . 

[0 04 21 -TL (mmm-n^mTc 

bjt) -nm-m^^wmm. mwmR,. o. 2% 

[00 4 3] -ASTMatSE3 9 9S.l^B64 5t::» 
[00441 -S8tti«QE*>^>S!l«-r-i. 4i8-<0 1 J?$a 

i>'2^j'^oiJi$o^ffliiiBft^. iiaem^wi^i 

[00451 -Kf43 (*%BBt-&*ix^:V^-&^A 1 ) 

m/UM9 (*I%BB<7)^^A4) ^CrJV^TASTMm 
E 4 6 6 {CtS!->T L^r[6]&tXT- L:^tfi](lS!lS-r&S5^ 

#«gB$ra. ISil^tii, ^S<^4^i-<oijf§t'-tvr'jy 

/Lfc, 3mmcOTO=Srl«^M-fJ>.&, ^^^J^SrSDl-f 
S-ittciot, fS:']»*ffilitKt = 2. 3^m\^h^ 
t *5t- 1' .5. . WL'h'^mWcXm-))<r>\m R O . l $r fflv ^ 

& si 7« Cu Hn 
A6 0,09 .0.19 4,39 0,63 
A7 0.079 0.17 4,36 0,S2 

[0050] mmwxm'm'^i^mitz 

L-}j^x'z.ixh(rym-imhMzw&t. mm.f ^< 
0. 0 4 i^ifmiLr>z.ttim^^fih, 
[0051] -Ti.mx'mmmw&. {mmm 

[00 5 2] JSg||S:^4t:*-t. ia9T-{i^A7OT 

L:6-|{ijco#t/*«A6{cifc^Teit»s<xi.c:t3{p\ 010 



sjDfi. m!Sim. mmt. m^zximwjx. m 
ISEN 5 1 5izm^< 1 . 5~3%oi^gi3s, m 

T<Ol!«i£S:ff-o7t. ::<Oj:^{cLTs JI$5 5mmT\ 
7;l'S-':?Am^<0iSir*aCJ:iUfT3 5 l«KSOi!« 

[00401 

imi] 

Mb Cr zn , Tl 2r 

1,43 0,022 0,11 0,02 0,014 

1.40 0,006 0,10 0,02 0,002 

1.41 0,007 0,08 0,02 0,002 

1.29 0,005 0,05 0.02 0,001 

1.30 0.006 0.00 0,02 . 0,0OZ 

[0 04 6] -mm^zlm3R■l/Mm9^z-?\^x . im 

RiiO. liL, AKffi{il0-2 5MPa^iniL 
X. ASTUW&E6 AlliZm-oXT-LRl/L-TU 

^(Tumx-^yrvy/LfzumiCT ssx-h 
h. ^3tc^tlS*{i, W}m:^m^z^'^x\^h. 

[00471 S1M2. 

2 0 24Sco-&^cor^-b2:^3igMjSL, ^ttSr. 

' ;< «/^m^mm.<rt^<nm:iimT.. nhmim. 20 

<7) 1 0 7 O-^^MS (couverture) SiMS:fflV^Jt!Hl^^fe 
^ffii (colaminage a chaud) , ?^Sffli, m^^. ^ 

%\,Zimth . if? 1 . 6 mmtOT 3 5 1 *C,««OSi«*< 

[00481 202 4-^<0ffl«Jil':lT<oa Of*-? 

[00491 
[^21 

Mg Cr Zn Tl zr 
1,50 0,013 0,10 0,024 0,014 
1,30 0.012 0,013 0,022 

x:\tz.f\.^m ^"kk^x-m-Wi-ifm^tz. t m 

[00531 11M3. 

n-m'&^mz^') x . n-^m<r)r\^- v ^^w^ 

[00541 
[«31 
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& 81 Pe Cu Kn K9 Cr Nl Zn Tl Zr 
M 0,08 0,17 4,45 0,53 1,46 0,007 0,009 0,06 0,02 0,002 



[00 5 5] *>/i>^l.. ]i[$12mmOT3 5 1*?®<^ 
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